INTRODUCTION
PSoC (Programmable System on Chip) device introduced by Cypress Semiconductor Company in 2003 is a kind of programmable system on chip. It can integrate an 8-bit microcontroller with a programmable digital array and analog array on a single chip, which is also known as a configurable mixed-signal array. It is characterized by possessing processing capability of 8-bit microcontroller, and also dynamically reconfiguring resources and appropriately adjusting parameters to replace almost all of the commonly-used peripheral devices by the users according to their actual needs. The main features of internal architecture of PSoC device are as follows: The system is comprised of PSoC core, programmable PSoC digital module array, analog module array, system resources, as well as programmable digits and analog connections which are used to connect with these resources.
The design connects the electric signals (0-5V) transmitted by the water level sensor with PSoC device, achieves voltage measurement through programming by using ADC converter in the PSoC device and displays the water level value on 1602-character LCD on the development board. If the water level is higher than 20 meters, it emits a signal of gate opening (LED1 light is on); if the water level is lower than 10 meters, it emits a signal of gate closing (LED2 light is on), thus achieving the automatic control and the manual control by the capacitive touch keys as well. Figure 1 is a block diagram of water level control circuit.
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REALIZATION OF WATER LEVEL CONTROL ADC MODULE
The system adopts the constant voltage source generated by PSoC, and the voltage signal transmitted by the sensor is amplified through differential motion of the programmable gain amplifier (PGA), and then amplified by PGA of the voltage-digital converter (ADC). The voltage output by PGA is converted into the corresponding digital value through ADC, and
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Keywords: PSoC development board; PSoC Creator 3.0; water level control; capacitive touch circuit *Corresponding author: ypliu@sspu.edu.cn such digit value is converted into the corresponding water level. Figure 2 is a simplified schematic diagram of 8-bit Δ-Σ-type ADC. The structure of this converter is substantially the same with the incremental ADC. The difference is that the output of comparator is no longer a counter but a sampler. SC module can be divided into four pieces of four elements to form Δ-Σ-type ADC. The input section of SC module can be considered as a differentiator (Δ), while the operational amplifier and integrating capacitor can be regarded as an integrator (Σ). The comparator is a one-bit AD, while the alternative multiplexer is a one-bit DA. The sampler in Δ-Σ-type ADC is actually a SINC 2 filter. In the z domain, its transfer function is shown as follows:
Where, n is the sample level. For 8-bit resolution AD, n is equal to 8. The decimation filter is jointly completed by hardware and software. In the above formula, the quadratic integral term in the denominator is implemented by the hardware, while the calculation of the sampling rate of the secondary differential term in the numerator is achieved by the software. Its conversion results are similar to incremental ADC. When the resolution is 8-bit, then:
By the using sampling filter, the conversion speed of Δ-Σ-type ADC is greater than the incremental ADC. For an 8-bit resolution Δ-Σ-type ADC, in the continuous conversion process, it only requires 64 data clock cycles for every conversion. For 8-bit incremental ADC, it requires 256 data clock cycles.
CONFIGURATION OF LCD MODULE
LCD device is added in the schematic diagram. Figure   3 is an interface relation between 1602-character LCD and MCU. RS can be used to determine whether to write data or write command. The consideration of writing command includes that the liquid crystal cursor displays or not, the cursor flashes or not, whether there is a need for shift frequency or not and the position displayed on the liquid crystal display and so on. Writing data includes content to be displayed; R/W is the read and write control terminal, which is usually set up as a write mode, namely, low level; the data or command is delivered to the data line; a high pulse is given to E, so as to deliver data to the LCD controller to complete the write operation.
REALIZATION OF CAPACITIVE TOUCH SENSING
CSD module integrated by PSoC adopts the capacitive sensing function of the switch capacitor technology, and it is equipped with a Sigma-Delta modulator to convert the current flowing through the switch capacitance sensor into a digital code. As shown in Figure 4 , it is comprised of the following five main components: inductive switch capacitor, Sigma-Delta modulator, modulator bit stream filter, clock source and comparative reference voltage source. On the ordinary circuit board, there is an inherent stray capacitance between two pieces of adjacent coppers. When the conductor (such as a finger and so on) approaches, the induction capacitance C x increases by about 30 times, so as to determine whether the switch works through measuring the changes of the value of inductive switch capacitance.
For the Sigma-Delta modulator, in order to ensure that the time of comparator is long enough and the modulation capacitor voltage V cmd can fully release reset, the latch is added behind the comparator, so that the output of the comparator synchronizes with the clock VC 1 . The counter can be extended to 16-bit in a way of handling terminal count overflows in the firmware, so the resolution of touch sensing is in the range of 9-16. CSD module supports 16-bit pseudo-random sequence generator (PRS 16 ) to provide a clock source. PRS 16 directly provides clock signals by Mo, and provides the ability to spread spectrum and good anti-interference for system. Figure 5 is a schematic diagram of water level control system, which can make pin assignment after completion of the configuration of each port. Figure 6 is a flowchart of master control program. PSoC Designer provides a number of API function for the application of each module. After the completion of configuration of function module parameters, the system automatically generates the available high-quality application program interface (API) function and the interrupt service routine (ISR). When compiling application program, there is only a need to call these functions to realize the function of this module. The software in the entire touch-sensitive controller system adopts the method combined with C language and API function and uses modular structure for programming. The code is mainly comprised of the following three parts: SSD initialization, inductive detection module and inductive control module. The use of API function facilitates programing. Figure 6 . Flowchart of master control program.
MAIN CONTROL CIRCUIT
HARDWARE IMPLEMENTATION
After connecting the pin with LED light, the program is complied. Finally, the PSoC development board is connected with the computer's USB port, so as to lead the program in the development board.
We use the potentiometer on the development board to change the input voltage for the electric signals transmitted by the analog water level sensor with the direct voltage of 0-5V, so as to observe the changes of size of water level on LCD, as shown in Figure 7 . When the water level is greater than 20 meters, LED1 light is on; when it is less than 10 meters, LED2 light is on. When a finger touches the touch key 1, LED1 light is on; when touching the touch key 2, LED2 light is on. It achieves manual and automatic control of water level in the hardware. 
CONCLUSION
This project successfully achieves water level measurement and monitoring on PSoC development board. Through the display of LCD and LED, we can timely know the status of water level and gate. Because many available modules with unique programmable function are integrated inside the development board, they greatly simplify the design process and shorten the development cycle. The theory and experiments show that the water level control system designed by PSoC is characterized with high measurement accuracy, fewer components, high reliability, low cost and convenience to modularization and network realization, which is a novel water level control system. This system basically adopts the analog circuit and programming. What's more, it can use PSoC chip, Creator 3.0 development platform for the development of digital systems and the development of mixed analog-digital systems and so on.
